• The inhibitory effect of platelet function by statins results, at least in part, in action on PECAM-1.
Introduction
Platelet activation, aggregation, and thrombosis associated with unstable atherosclerotic lesions represent a serious risk for individuals with coronary artery disease. The 3-hydroxy-3-methylglutaryl coenzyme A reductase inhibitors (statins) are widely prescribed cholesterol-lowering drugs that are a first-line treatment of coronary artery disease and atherosclerosis, reducing the incidence of thrombotic events such as myocardial infarction and stroke. [1] [2] [3] Previous reports have also demonstrated antithrombotic activity in hypercholesterolemic patients by statins, but these effects do not correlate with the lipid-lowering activities of these drugs, [4] [5] [6] [7] [8] [9] Together, this suggests that statins exhibit pleiotropic effects above and beyond their regulation of low-density lipoprotein (LDL) cholesterol levels, which may contribute to their role in decreasing cardiovascular mortality and morbidity. 1, 10 Statins have been reported to promote improvements in endothelial function and to decrease vascular inflammation and smooth muscle cell proliferation. [11] [12] [13] [14] Studies to explore the molecular basis of the pleiotropic actions of statins on platelets have been limited to exploring the cholesterol content of platelet membranes, inhibition of thromboxane A 2 formation, and increase of nitric oxide (NO) bioavailability by upregulation of endothelial NO synthase with downregulation of markers of platelet reactivity. [15] [16] [17] [18] [19] [20] [21] The precise mechanisms of drug action, however, are not fully understood.
Platelet endothelial cell adhesion molecule-1 (PECAM-1) is a signaling molecule that plays diverse roles in vascular biology, including modulation of platelet function, [22] [23] [24] [25] angiogenesis, 26 vasculogenesis, 27 integrin regulation, 28 T-cell and B-cell activation, 29 and mediation of leukocyte migration across the endothelium. 30 This homophilic receptor functions as a negative regulator of platelet reactivity and thrombosis, at least in part by inhibiting glycoprotein VI (GPVI)-Fc receptor g-chain collagen receptor signaling following recruitment of protein tyrosine phosphatase-2 (SHP-2) to phosphorylated immunoreceptor tyrosine-based inhibitory motifs in the PECAM-1 cytoplasmic tail. 24, 31, 32 The mechanism underlying PECAM-1-mediated inhibition of GPVI-specific responses results in the recruitment of phosphatidylinositol 3-kinase (PI3K) to PECAM-1-bound SHP-2 complexes, which destabilizes the PI3K association with the activatory signaling molecules Grb-2-associated binding protein-1 (Gab1) and linker for the activation of T cells leading to diminish PI3K signaling. 33 Statins have been reported to affect platelet activation by a reduction of platelet thromboxane A 2 (TXA 2 ) formation and intracellular platelet calcium, resulting in diminished downstream signaling. 16, 34, 35 Because the inhibition of platelet activation by PECAM-1 cross-linking is also associated with decreased calcium mobilization and TXA 2 synthesis, thereby diminishing downstream signaling, in this present study, we investigated whether the effects of statins on platelets are mediated through PECAM-1 signaling.
Methods

Reagents
Detailed reagents for human and mouse platelet aggregation, dense granule secretion, immunoprecipitation, immunoblotting, flow cytometry, and in vivo and in vitro thrombus formation are provided in supplemental Methods (available on the Blood Web site). All protocols involving the use of animals were approved by the University of Reading Local Ethical Review Panel and authorized by a Home Office License.
Human washed platelet preparation, aggregation, dense granule secretion, and immunoblotting Washed platelets were prepared from fresh blood obtained from healthy, aspirin-free human volunteers for which approval was obtained from the University of Reading Research Ethics Committee. Informed consent was provided according to the Declaration of Helsinki. Platelets were prepared and resuspended in modified Tyrode-HEPES (N-2-hydroxyethylpiperazine-N9-2-ethanesulfonic acid) buffer to a final density of 4 3 10 8 cells mL 21 for aggregation assays as described previously. 33, [36] [37] Aggregation studies were performed at 37°C in an optical platelet aggregometer (Chronolog). ATP secretion assays were performed as described previously. 37 Sodium dodecyl sulfate-polyacrylamide gel electrophoresis and immunoblotting were performed using standard protocols as described previously. 33, 37 Mouse platelet preparation and aggregation Blood was obtained from PECAM-1 knockout and control mice via cardiac puncture after termination. Blood (1 mL) was drawn into a syringe containing acidic citrate dextrose as anticoagulant. Platelets were prepared from whole blood by differential centrifugation in the presence of prostacyclin (0.1 mg mL 21 ), and resuspended in modified Tyrode-HEPES buffer to a final density of 2.5 3 10 8 cells mL 21 for aggregation assays as described previously.
33
Flow cytometric analysis: a-granule secretion and fibrinogen binding to integrin a IIb b 3
Flow cytometry analysis was performed using whole blood with increasing concentrations of statins prior to stimulation with collagen-related peptide (CRP-XL) (1 mg mL 21 ) at room temperature for 20 minutes with fluorescein isothiocyanate-labeled fibrinogen and phycoerythrin/Cy5 anti-human-CD62P (P-selectin) as described previously. 37 Flow cytometric acquisition was performed using a FACSCalibur device, and data were collected from 5000 events analyzed using CellQuest Pro software (Version 3.3; BD Biosciences). Negative controls were set using an appropriate immunoglobulin G1 (IgG1) k-isotype-matched control for the anti-CD62P antibody, and inclusion of EGTA (10 mM) to prevent fibrinogen binding.
In vitro thrombus formation
Analysis of thrombus formation under arterial flow conditions was performed as described previously. 37, 38 Briefly, the DIOC 6 -labeled human citrated blood was preincubated with vehicle control or increasing concentrations of statins and perfused over a collagen-coated Vena8 BioChip (Cellix Ltd) at a shear rate of 20 dyne/cm 2 . Z-stack images of thrombi were obtained for every 30 seconds for up to 10 minutes using a Nikon Eclipse microscope (TE2000-U; Nikon Instruments). Thrombus volume and fluorescence intensity were calculated by analyzing data using Slidebook5 (Intelligent Imaging Innovations).
Analysis of thrombosis
Thrombus formation in mice and data analysis were performed as described previously. 25, 37, 38 Briefly, C57BL/6 and PECAM-1 knockout mice were anesthetized by intraperitoneal injection of ketamine (125 mg/kg), xylazine (12.5 mg/kg), and atropine (0.25 mg/kg). Anesthesia was maintained with 5 mg/kg pentobarbital as required and the mouse circulation was accessed via a cannulus placed in the jugular vein, and the platelets were labeled with Alexa 488-conjugated anti-mouse-GPIbb antibody. The cremaster muscle was exteriorized, connective tissue removed, and an incision was made to allow the muscle to be affixed as a single sheet over a glass slide. Injury to cremaster arterioles was induced with a Micropoint Ablation Laser Unit (Andor Technology PLC). Thrombi were observed using an upright Olympus BX microscope. Images were captured prior to and after the injury by a Hamamatsu charged-coupled device digital camera C9300 in 640 3 480 format (Hamamatsu Photonics UK Ltd.) and analyzed using slidebook5 software (Intelligent Imaging Innovations).
Statistical analysis
Normally distributed data were analyzed using analysis of variance and t test. The nonparametric Mann-Whitney U test was used to analyze nonnormally distributed data.
Results
Statins inhibit platelet function in a concentration-dependent manner
The effect of fluvastatin and simvastatin on platelet aggregation in response to a range of activators of platelet function was explored. Platelet aggregation in response to CRP-XL (0.5 mg mL
21
), a GPVI-selective ligand, was found to be inhibited in a concentrationdependent manner by each of the statins ( Figure 1A-B) . Inhibition of 10%, 33%, and 62% was observed at 90 seconds with fluvastatin (1, 3, and 10 mM), which was slightly more potent than simvastatin in inhibiting platelet aggregation, which may result from differential ability to cross the plasma membrane. Aggregation monitored over an extended period of 5 minutes' duration confirmed this effect to be inhibition rather than delay in aggregation. Lower levels of inhibition were noted with thrombin-induced platelet aggregation (0.05 U mL 21 ) (supplemental Figure 1) . Thrombin concentration was optimized to ensure a similar level of aggregation to that stimulated by CRP-XL (0.5 mg mL 21 ). Studies have reported that statins inhibit platelet function by increasing cyclic guanosine monophosphate and cyclic adenosine monophosphate. 20, 21 The effects of fluvastatin on platelet aggregation in the presence of NO and NOsensitive soluble guanylyl cyclase inhibitors (L-NAME and ODQ, respectively) upon stimulation with CRP-XL (0.5 mg mL
) were therefore analyzed. Concentration-dependent inhibition of platelet aggregation by fluvastatin (1-40 mM) was maintained in the presence of such inhibitors (supplemental Figure 2 ), suggesting alternative mechanisms by which statins inhibit platelet activation.
Platelet aggregation is dependent on conformational changes on integrin a IIb b 3 through inside-out signaling to increase its affinity for fibrinogen binding. 37 Flow cytometry was used to measure fibrinogen binding to platelets, as marker for activation of the integrin a IIb b 3 . Human whole citrated blood was stimulated with CRP-XL (1 mg mL For personal use only. on April 29, 2017 . by guest www.bloodjournal.org From aggregation and indicating the ability of these statins to interfere with inside-outside signaling to integrin a IIb b 3 in platelets.
Thrombus generation is supported and enhanced by the release of a number of substances from the a and dense granules stored within platelets, which are critical for the recruitment of additional platelets and for the stabilization of the aggregate. 25, 37, 38 To analyze the effects of statin treatment on platelet granule secretion, both a and dense-granule secretion were assayed in the absence and presence of statins. a-granule secretion was assessed by measuring the levels of P-selectin exposed on the surface of platelets after stimulation with CRP-XL (1 mg mL
) by flow cytometry in human whole blood. P-selectin exposure was inhibited by either statin in a concentration-dependent manner ( Figure 1D ). Similarly, ATP secretion from the dense granules was measured using a luciferin-luciferase luminescence. Simvastatin or fluvastatin were found to reduce ATP secretion after CRP-XL stimulation ( Figure 1E-F) . Lower levels of inhibition of ATP release were found with statins treatment followed by stimulation with thrombin (0.05 U mL 21 ) (supplemental Figure 1) . GPVI signaling results in the sequential assembly and activation of a tyrosine kinase-dependent signaling pathway. 22, 24, 33 Due to the inhibitory effect by statins on CRP-XL-induced aggregation, the phosphorylation levels of proteins involved early in the GPVI signaling pathway were assessed. Platelet lysates were prepared after stimulation with CRP-XL (1 mg mL 21 ) in the absence or presence of simvastatin (1-10 mM). The levels of platelet protein tyrosine phosphorylation, and the site-specific phosphorylation of the tyrosine kinase Syk and phospholipase C (PLC) g2 protein ( Figure 1G -H) were unaffected after simvastatin treatment, indicating that statins are not involved in the control of GPVI-proximal signaling. Lyn and Fyn are implicated in phosphorylation of PECAM-1 and regulation of its function; indeed, Lyn and PECAM-1 have been reported to act as interdependent inhibitors of platelet function. 39 Treatment with simvastatin did not affect the phosphorylation of Fyn, however, it was able to increase Lyn phosphorylation on an activation-dependent site (Y396) ( Figure 1I ), demonstrating that statins activate Lyn. The precise mechanism(s) through which simvastatin exerts its effects on Lyn, whether through direct effects on Lyn kinase, or upstream signaling molecules, or through enhancing PECAM-1 clustering, remains to be established. The fact that Fyn is not activated by simvastatin may suggest effects on Lyn signaling are more probable. Furthermore, statin may, however, modulate signaling further downstream including signaling steps that are common to platelet stimulation by other agonists, consistent with the ability of these drugs to inhibit thrombin-mediated platelet activation. It is well established that statins inhibit platelet functions through peroxisome proliferator-activated receptors (PPARs). 34 To establish whether the effects of statins on PECAM-1 are mediated through PPARs, we performed aggregation assays using the PPARg antagonist, GW9662 (supplemental Figure 4) . Our results suggest that concentrations at which the effects of simvastatin are PECAM-1 dependent (<10 mM), aggregation was not affected by GW9662. At higher concentrations of statin (.10 mM) where PECAM-1-independent effects are observed, GW9662 caused the inhibition of platelet function to be diminished.
Statins have antithrombotic actions
Thrombosis associated with unstable atherosclerotic plaques represents a serious risk of myocardial infarction for individuals with coronary artery disease. [1] [2] [3] Given the ability and importance of statins in regulating platelet function, we sought to determine the potential implications of the pleiotropic effects of statins on thrombus formation. Analysis of thrombus formation in vitro was performed by fluorescence microscopy using whole blood under arterial flow conditions (20 dyne/cm 2 ) through Vena8Biochip coated with collagen with and without prior incubation with simvastatin (1-20 mM) for 5 minutes. Captured images were analyzed by calculating the size and number of thrombi formed and the sum intensity of fluorescence. The size, number, and volume of thrombi were reduced by simvastatin over a 10-minute period. The sum intensity of thrombi was decreased by 40% with 1 mM simvastatin following perfusion for 10 minutes (Figure 2A ), whereas 10 mM simvastatin was able to inhibit the thrombi by 75% ( Figure 2B ). Similar data were obtained with fluvastatin (data not shown).
To determine the potential impact of statins on the acute regulation of platelet function in a pathological setting in vivo, the effect of fluvastatin on laser-induced thrombosis in mouse cremaster muscle arterioles was assessed. Parallel experiments were performed to establish that the injury resulted in exposure of subendothelial collagen (data not shown). We chose to use fluvastatin in the in vivo experimental thrombosis model due to the ability of this drug to achieve peak plasma concentrations, in micromolar concentrations, in humans following oral administration, which could implicate potential clinical relevance as an antithrombotic drug. 40 The ability of platelets fluorescently labeled with an anti-mouse GPIb Alexa Fluor 488-conjugated antibody to form thrombi was measured. Thrombus formation was monitored over a period of 180 seconds at the site of the injury and the size of thrombi formed was analyzed by calculating the fluorescence intensity. The effect of fluvastatin infused intravenously prior to thrombus formation was explored and compared with thrombosis in vehicle control-treated mice. Data analysis was performed for multiple thrombi formed in 4 control and 4 mice treated with fluvastatin (1-20 mM). The initial adherence of platelets at the site of injury was unaffected in both control and fluvastatin-treated mice (Figure 2C-D) . After 100 seconds, thrombus size was reduced by 65% in fluvastatin-treated mice (1 mM), whereas 10 mM fluvastatin was able to inhibit the thrombi by 80% ( Figure 2E ). Similar levels of inhibition of thrombus formation in the absence of endothelial cells (in vitro model) suggests that the inhibitory effects of statins on thrombi formed in vivo are principally the result of diminished platelet function. The possibility of potential additional effects of statins on the endothelium cannot be ruled out. Indeed, the effect of statin on thrombus formation in vivo ( Figure 2C -E) was greater than in vitro (Figure 2A-B) or aggregation ( Figure 1B) , which is suggestive of the importance of other vascular mechanisms of action. Taken together, these data establish a role of statins in the regulation of thrombosis, which may contribute to the beneficial effects of statin therapies.
Statins modulates PECAM-1 signaling
PECAM-1 is an adhesion receptor responsible for moderate inhibition of platelet function. 33 It is likely to be more physiologically important in localities where the endothelium is damaged or diseased, and therefore where local concentrations of NO and prostaglandin I 2 are reduced. To assess whether statins play a role in regulating the inhibitory effect of platelet function by PECAM-1 signaling, tyrosine phosphorylation levels of PECAM-1 were measured in human platelets under conditions that disfavor aggregation (presence of EGTA 1 mM, indomethacin 10 mM [to prevent thromboxane A 2 synthesis], apyrase 2 U mL 21 [to prevent the actions of secreted ADP]). Simvastatin was found to cause a marked and concentration-dependent increase in the levels of tyrosine phosphorylation of PECAM-1 ( Figure 3A) . PECAM-1 tyrosine phosphorylation and subsequent activation of signaling molecules is stimulated following PECAM-1 clustering following homophilic ligation, leading to the inhibition of platelet function. [22] [23] [24] To further explore the role of statins on PECAM-1 signaling, aggregation assays were performed in human washed platelets after incubation with PECAM-1 antibody-mediated clustering (PECAM-1 XL) or isotype control (IgG XL) (0.8 mg mL 21 ) prior to CRP-XL (0.5 mg mL
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For personal use only. on April 29, 2017 . by guest www.bloodjournal.org From stimulation in the absence and presence of simvastatin (10 mM). PECAM-1 cross-linking inhibited platelet aggregation upon CRP-XL stimulation by ;20%, as previously described. 33 Treatment with simvastatin (10 mM) in addition to PECAM-1 cross-linking enhanced inhibition of aggregation by ;20% ( Figure 3B ). These observations were associated with an increase in the level of tyrosine phosphorylation of PECAM-1 in the presence of simvastatin ( Figure 3C ), suggesting that the inhibitory effect of statins may be mediated through the initiation or enhancement of PECAM-1 signaling.
PECAM-1 activation by clustering, ligand binding, or following platelet activation results in the recruitment and activation of tyrosine phosphatase-2 (SHP-2), which plays a role in the ensuing negative regulation of platelet function. [22] [23] [24] 31 Recently, we characterized a mechanism that explains the ability of PECAM-1 to inhibit PI3K-dependent signaling and platelet function. The ability of SHP-2 to interact with the p85 subunit of PI3K following PECAM-1 activation results in the relative redistribution of PI3K and exclusion from lipid raft compartments leading to diminished PI3K signaling. 33 Therefore, we sought to establish whether this mechanism is also stimulated by statins. Simvastatin treatment enhanced the level of SHP-2 associated with immunoprecipitated PECAM-1 upon CRP-XL stimulation ( Figure 4A ) and thrombin (supplemental Figure 5) . This was also associated with a concomitant increase in p85 association with SHP-2 following statin treatment ( Figure 4B ).
To explore whether statins affect PECAM-1 downstream signaling, Akt/protein kinase B (PKB) activation (a marker of PI3K signaling) was assessed by measuring the levels of phosphorylation (Ser473) upon CRP-XL stimulation in the presence of simvastatin (1-20 mM). Treatment with simvastatin was found to result in concentration-dependent inhibition of Akt phosphorylation (Ser473), where 10 mM simvastatin was able to achieve ;50% inhibition ( Figure 4C ). Taken together, these data indicate that the actions of these statins may be mediated through PECAM-1.
Antiplatelet function of statins involve PECAM-1
To confirm whether PECAM-1 is required for the inhibitory effect of statins on platelet function, the ability of statins to inhibit platelet function in mice deficient in PECAM-1 was explored. CRP-XL concentration was optimized to ensure similar levels of fibrinogen binding on platelets derived from PECAM-1 1/1 and PECAM-1 2/2 mice (supplemental Figure 3A) . Statin treatment inhibited aggregation, fibrinogen binding, and P-selectin exposed on the surface of both PECAM-1 1/1 and PECAM-1 2/2 platelets upon stimulation with CRP-XL; however, a lower concentration of statins was required to inhibit responses of PECAM-1 1/1 relative to PECAM-1 2/2 platelets ( Figure 5A-C) . PECAM-1 2/2 platelets were similarly less sensitive to the effects of statin treatment than were PECAM-1 1/1 platelets following stimulation with thrombin and ADP (supplemental Figure 3B -E). These data indicate that the inhibitory effects of simvastatin may be attributed in part to the ability to activate PECAM-1 signaling, and are consistent with the ability of PECAM-1 to inhibit collagen, thrombin, and ADP-mediated platelet activation. 24, 32, 33 Similar data were obtained with fluvastatin (data not shown).
To explore the potential involvement of PECAM-1 in the antithrombotic actions of statins, a laser-induced cremaster muscle Thrombi were recorded over a 10-minute period through a series of images in the Z-plane through their full depth using a Nikon Eclipse (TE2000-U) microscope, and thrombus fluorescence intensity was calculated using Slidebook, Version 5 (A). Numerical data represent sum fluorescence intensities, mean 6 SD of 4 separate experiments (n 5 4), P , .001 (nonparametric Kruskal-Wallis global) (B). In vivo thrombosis was assayed using a laser injury model by intravital microscopy. Fluvastatin (1-20 mM) or vehicle was administered intravenously to mice, and platelets were fluorescently labeled by injection of Alexa 488-conjugated anti-GPIb antibody. caused diminished thrombus formation ( Figure 5F ). On the basis of these results, we propose that the inhibitory effect of platelet function by statins results, at least in part, in action on PECAM-1. Given the very high levels of PECAM-1 on the surface of endothelial cells, the possibility of additional effects of statins on PECAM-1-dependent endothelial effects cannot be ruled out.
Discussion
Arterial thrombosis occurs on ruptured atherosclerotic plaques and involves platelet activation and the generation of rapid and coordinated intracellular signals resulting in cell-matrix and cell-cell adhesion and thrombus formation. 3 The potential importance of the pleiotropic effects of statins has been demonstrated in clinical trials in patients with atherosclerotic disease, 10 suggesting that the antiatherosclerotic effects of statins are likely to be attributable both to a potential lipid-lowering action (inhibition of 3-hydroxy-3-methylglutaryl coenzyme A [HMG-CoA] reductase) and to their wide range of additional pleiotropic effects on proatherogenic processes, such as improvement of endothelial function, reduction of LDL oxidation and oxidative stress, with decreased vascular inflammation. 1, 2, [7] [8] [9] [10] [11] [12] The inhibition of thrombus generation in hypercholesterolemic patients by statins does not correlate with the lipid-lowering effect.
1,2,16
The possibility was therefore explored that lipid-independent effects of statins may regulate the inhibition of the platelet function and thrombus formation through known inhibitory pathways in platelets. 1 The inhibitory effect on platelets of statins has been suggested in several reports. [16] [17] [18] 20, 21, 34, 35 Some of these studies demonstrated that statins may exert a direct antiplatelet effect independent from cholesterol lowering potentially by (1) NADPH oxidase downregulation, followed by inhibition of Rac1 and p47 phox phosphorylation, calcium mobilization, and GPIIb/IIIa activation; (2) downregulation of PLA 2 -mediated TXA 2 ; and (3) NO signaling. 1, 16, 21, 34, 35 In this study, we suggest an alternative mechanism that could contribute to antithrombotic effects of statins, at least in part, to be due to the stimulation of PECAM-1 signaling resulting in diminished platelet activation and thrombus formation.
Statins were found to inhibit a range of platelet functions, including aggregation, a and dense-granule secretion, and thrombus formation in vitro and in vivo. The PECAM-1 2/2 platelets were less susceptible to the actions of statins on platelet function and thrombosis. PECAM-1 tyrosine phosphorylation and subsequent activation of signaling molecules is stimulated following PECAM-1 clustering (due to homophilic ligation, although this can be achieved experimentally by antibody-mediated cross-linking) or following platelet activation. [22] [23] [24] 33 Phosphorylation of PECAM-1 mediated by src-family kinases such as Fyn and Lyn, is associated with the inhibition of platelet function, secretion, and adhesion responses.
23,24
The recruitment of SHP-2 to PECAM-1 downregulates GPVIstimulated activatory signals where GPVI-proximal signaling is unaffected; however, downstream signaling is affected as noted by reduced Akt/PKB phosphorylation. [31] [32] [33] Treatment with statins enhanced Lyn activation (pY396), PECAM-1 tyrosine phosphorylation, and subsequent recruitment of the protein tyrosine phosphatase SHP-2, which in turn recruits PI3K resulting in the inhibition of downstream (Akt/PKB) PI3K-dependent signaling.
Recent studies provide compelling evidence linking hypercholesterolemia with elevated tissue factor-dependent coagulation and thrombosis in mice and monkeys. 41 Indeed, these effects may be alleviated through administration of statins and therefore diminish plasma LDL cholesterol levels. Our study introduces a new dimension to the relationship between statin treatment, hemostasis, and thrombosis, through the acute effects of statin treatment on platelet signaling and function. Whether the effects of statins on PECAM-1 signaling are related to their shared abilities to regulate HMG-CoA or other target molecules remains to be established.
Our data are consistent with previous studies that highlight the ability of statins to modulate platelet function, 16, 21, 34, 35, 42 and reveal a new receptor-dependent target mechanism that is required for platelet inhibition at lower statin concentrations. It is important to note that PECAM-1 signaling is regulated in an acute manner by statins. The chronic antiplatelet effects of statins appear to be closely associated with LDL cholesterol lowering 1, 35 and multiple potential targets may play a role, such as endothelial cell and NO signaling; however, our results suggest that the acute effects of statins on platelets are independent of NO signaling.
Although recent clinical observations indicate that statins demonstrate beneficial effects on cardiovascular complications, longterm follow-up studies are clearly necessary to elucidate precisely the pleiotropic effects by which statins might influence mortality and morbidity in patients with atherosclerosis. Our study provides evidence for a fundamental role of PECAM-1 in the inhibitory effects of statins on platelet activation, through a novel mechanism for the pleiotropic and specifically antithrombotic actions of these drugs. For personal use only. on April 29, 2017 . by guest www.bloodjournal.org From
